Congenital adrenal hyperplasia (CAH) can present management challenges to the pediatric clinician. Glucocorticoid replacement remains the cornerstone of treatment; however, there are new formulations and delivery mechanisms being studied. Clinicians continue to discuss the optimal treatment of patients from the prenatal stage, through infancy to adulthood. As well, the role of genetics in the clinical care of patients with CAH, and screening for complications, remain topics of discussion. This review will highlight advances made in the past year, as they pertain to the management of pediatric patients with CAH.
INTRODUCTION
The clinical management of congenital adrenal hyperplasia (CAH) in childhood and adolescence mandates a delicate balance in order to avoid hyperandrogenism and hypercortisolism [1] .
Normal growth and puberty are major considerations, with a main outcome of treatment in childhood being attainment of a normal adult height, but there are also other considerations such as treatment with dexamethasone in the prenatal stage, optimal delivery of hydrocortisone, measurement of and reliance on hormone analytes and bone age to assess treatment control, and the role of genotyping and genetics in the management of CAH. The majority of cases of CAH are due to a deficiency in the 21-hydroxylase (21-OHD) enzyme, with a clinical spectrum -ranging from most to least severe -consisting of classical [salt-wasting and simple-virilizing] to nonclassical forms of CAH [nonclassical congenital adrenal hyperplasia (NCAH)], depending on the mutations of the CYP21A2 gene present. Patients with 21-OHD will be the focus of this review.
We will discuss updates in management of CAH in childhood, with regard to optimal medication treatment [prenatal dexamethasone treatment, hydrocortisone dosing during infancy, and adjunctive growth hormone (GH)], monitoring, medication delivery, and genetics. We recommend that two sets of guidelines published in 2010 -one targeting the management of patients with CAH [2] and a second emphasizing delivery of comprehensive care to these patients [3] -be read for more detail.
OPTIMAL GLUCOCORTICOID TREATMENT
The treatment paradigm for CAH has not changed significantly over decades. Glucocorticoid replacement remains the mainstay of therapy, with additional mineralocorticoid replacement in certain individuals. We will discuss new developments with regard to GH therapy, hydrocortisone treatment in infancy, and prenatal dexamethasone treatment of expectant mothers.
Prenatal dexamethasone treatment
Prenatal dexamethasone treatment is an effective therapy to reduce virilization of the external genitalia in girls affected with classical CAH due to 21-OHD. Currently, consensus guidelines recommend that prenatal dexamethasone treatment remains an experimental therapy due to a lack of long-term outcome (both efficacy and safety) data.
Hirvikoski et al. [4 & ] discussed their experience and outcomes of a prospective, nonrandomized and multicenter study from European centers ongoing since 1999, on both mothers and 31 children. In this report, they emphasized the continued need to perform prenatal dexamethasone treatment of fetuses at risk for CAH only within the scope of institutional review board-approved clinical trials and the requirement for long-term follow-up of treated individuals, with comparison of behavioral and somatic outcomes to those of untreated controls. As well, they stressed the need for additional retrospective studies of treated fetuses, rather than solely awaiting long-term prospective outcome study results. They also reported on long-term cognitive outcomes in children treated prenatally with dexamethasone [5 & ]. Fetuses exposed to dexamethasone treatment during the first trimester later exhibited impaired verbal working memory that was associated with a low self-perceived scholastic competence, along with increased social anxiety on selfrating. Boys with short-term prenatal exposure showed less masculine and more sex-neutral behavior on a survey. The group recommended long-term follow-up studies and larger cohort studies to further and more conclusively assess the safety of this treatment. A commentary by Witchel and Miller [6 & ] echoes these recommendations as well.
A prospective, observational cohort study was reported which included comparisons of neuropsychological testing of 67 dexamethasone-treated children (eight CAH girls), compared to 73 unexposed (15 CAH girls) children [7 & ]. Although the group did not reproduce a previously reported adverse effect on working memory from short-term prenatal exposure to dexamethasone, they raised concerns about long-term exposure to dexamethasone and effects noted on cognitive function in girls with CAH. It was concluded that further study in a larger cohort is necessary.
New techniques that allow karyotyping the fetus by examining fetal cells in the maternal circulation . The majority of children were salt wasters and received fludrocortisone as well. The birth length SD score (SDS) was initially higher than that of the reference population, with a slight decrease in linear growth velocity during the first 9 months of life, and a decline in height SDS over time. However, the height SDS at 3 years of age fell within the genetic height potential (target height), and the bone age was appropriate for chronological age for both boys and girls. It was postulated that growth velocity was initially affected by glucocorticoid treatment, perhaps due to extreme sensitivity to this treatment during infancy, and the relatively low hydrocortisone dose used could still be too high during infancy. The same group also reported insensitivity to androgens in male infants with simplevirilizing CAH [11 & ] during their first 6 months of life, in a retrospective analysis of the pretreatment growth of 13 boys diagnosed late, prior to more robust newborn screening practices. The growth velocity was not markedly increased in these boys
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KEY POINTS
Prenatal dexamethasone treatment (administered to mothers) of female fetuses with CAH due to 21-OHD is an effective therapy to reduce virilization of the external genitalia; such treatment, however, remains experimental due to lack of long-term outcome data.
Optimal dosing of hydrocortisone in infants with CAH requires further study, as do dual-release and slowrelease formulations.
Adjunctive therapies [such as GH with or without the addition of a gonadotropin-releasing hormone agonist (GnRHa)] to maximize adult height appear promising, but cannot be considered standard-of-care.
Newer newborn screening strategies and improved laboratory assays (using mass spectrometry) and genetic tools allow for improved diagnostic sensitivity and stratification into classical and nonclassical forms of CAH secondary to 21-OHD.
with simple-virilizing CAH during their first 6 months of life, as indicated by growth records obtained from their pediatricians. However, after the first 6 months of life, linear growth velocity increased significantly [birth length was þ0.1 AE 0.8 SDS (mean AE SD)] and, at 4 years of age, height was þ1.8 AE 1.2 SDS, with a concomitant advancement in bone age (accelerated to 9.4 AE 4 years at diagnosis). An absence of increased growth velocity in the first year of life in untreated patients with simple-virilizing CAH had been previously reported [12] .
GROWTH HORMONE TREATMENT
The addition of GH as an adjunct to the treatment regimen of children with CAH (to maximize adult height) was further explored by Lin-Su, et al.
] in a nonrandomized prospective study, comparing GH alone with GH in combination with a gonadotropin-releasing hormone agonist (GnRHa) to delay central puberty. The final adult height of 34 children with 21-OHD treated with GH was improved by either GH alone or GH þ GnRHa together. There was a greater height discrepancy (predicted vs. adult height) seen at baseline prior to treatment in boys, which could explain the shorter mean final height of boys (4 cm below their mid-parental target height), compared to girls who exhibited a mean final adult height of only 0.6 cm less than their midparental target height. Height gain on GH or GH þ GnRHa treatment did not appear to be affected by sex or type of CAH (classical vs. NCAH), but was affected by adrenal control. The same group also published a review of the topic [14] . Another retrospective study also examined the near-final height in 13 patients with either classical form of CAH or NCAH, following treatment with GH þ GnRHa [15] . It was noted that with treatment, the height SDS for bone age improved significantly, which after 2 years of treatment became similar to the target height.
MEDICATION DELIVERY AND FORMULATIONS
The delivery of hydrocortisone orally for daily replacement therapy has remained the mainstay of treatment of CAH for over 30 years. There continues to be interest in achieving a physiological circadian rhythm with daily hydrocortisone replacement therapy. There had been a preliminary study of a modified-release preparation, Chronocort (Diurnal, Cardiff, UK), in patients with CAH [16] , with advances in characterizing this formulation summarized this past year [17 & ]. Although the pharmacokinetics desired for patients with CAH would differ, another dual-release formulation of hydrocortisone, Plenadren (DuoCort/ViroPharma, Helsingborg, Sweden), was tested in a European prospective, cross-over study of patients with adrenal insufficiency as once-daily dosing, compared to thrice-daily dosing [18] , with encouraging results with regard to metabolic control. Further studies in children with either preparation [19 & ] or consideration of other methods of delivery such as subcutaneous infusion [20] are required.
CLINICAL MONITORING AND DIAGNOSIS
The clinical management of patients with CAH depends on an accurate diagnosis of the condition and reliable laboratory assays for subsequent monitoring. We will discuss advances in newborn screening, 17-hydroxyprogesterone (17OHP) assays, and the diagnosis of NCAH.
Newborn screening
The clinical management of CAH has changed with the mandate of newborn screening in all 50 states in 2008, with earlier diagnosis of babies with CAH. There have been continued efforts to address the high false-positive rates associated with fluoroimmunoassay testing of 17OHP, due to cross-reacting steroids, with second-tier testing and adjusted cutoffs for 17OHP. The French assessment of the efficiency of their newborn screening program between 1996 and 2003 led to the conclusion that they could stop screening premature babies [21] . As an adjunctive or alternative method, the emergence of newborn screening using tandem mass spectrometry was addressed by Janzen et al. [22 & ]. Quantification of several steroids (17OHP, 21-deoxycortisol, 11-deoxycortisol, 11-deoxycorticosterone, and cortisol) extracted from dried blood spots by ultraperformance liquid chromatographytandem mass spectrometry (UPLC-MS/MS) gave linear results for all steroids over a range of 5-200 nmol/l (cortisol: 12.5-500 nmol/l), coefficients of regression more than 0.992, and an interassay coefficient of variation of less than 3%. Unlike the immunoassay method, UPLC-MS/MS was not affected by cross-reacting steroids. Also to consider are false-negative results with the current methodology [23], although the cause remains unclear.
17OHP assays
There continues to be discussion among clinicians regarding the specific analytes that should be followed in order to determine optimal hormonal control in patients with CAH, along with the best time of day for these tests to be measured, and daily hormone profiles. The diagnostic validity of salivary 17OHP measures for the monitoring of adrenal control was studied, as compared to serum samples collected simultaneously in 23 adolescents and young adults with CAH [24 & ]. Salivary sampling would offer the benefit of painless sampling and provide a measure of bioactive free hormone. In comparing daily profiles, it appeared that saliva analysis was a more sensitive measure than serum, in the assessment of adequacy of treatment. Interestingly, a single 17OHP value measured at 07.00 h did not allow for a reliable assessment, with the need for modification of treatment only becoming evident with whole-day hormonal profiling. Salivary sampling has been [25] and continues to be studied as a potential alternative to serum testing [26] , with variable results.
As well, dried blood spots were used to study steroid profiling with liquid chromatography tandem mass spectrometry in patients with CAH, as an alternate source to serum [27] . There was an excellent correlation between the dried blood spots and serum testing, leaving open the possibility of utilizing this methodology in clinical care in the future.
Diagnosis of nonclassical congenital adrenal hyperplasia
Confirmatory 17OHP testing, most likely with a high-dose adrenocorticotropic hormone (Cortosyn) stimulation test, is necessary for the diagnosis of the nonclassical form of 21-OHD. Other clinical and molecular parameters may be used as well. Interestingly, a study of 24 patients with NCAH did not find significant growth velocity acceleration in untreated patients [28] . However, the bone age acceleration was more pronounced, and could be useful in a clinical diagnostic assessment of these patients. An update on treatment of NCAH patients is covered by Trapp and Oberfield [29 & ].
GENETICS
Genotyping as an adjunctive molecular test in the diagnosis of the patient with CAH is possible commercially. The 2010 Consensus Guidelines [2] recommended that should genotyping be performed, testing should be done by certified laboratories with adequate quality controls and the ability to sequence the CYP21A2 gene, if necessary. Genetic counseling can help parents of a child with CAH, and adults with CAH, plan for future children. Insurance coverage may make it difficult to routinely genotype patients with CAH, as the cost ranges from US$ 500 to 1000 at three major diagnostic laboratories in the USA, and access to sequencing could be variable. However, emerging genotyping studies may make it more important to incorporate genotyping into clinical care for the future, perhaps even as early as the newborn screening stage [30] . A comprehensive CYP21A2 analysis, utilizing targeted mutation analysis and sequencing as necessary in a large cohort of 213 patients with CAH and 232 parents from 182 unrelated families [31 & ], revealed accurate genotype-based prediction of phenotype in 90.5% of patients with salt-wasting mutations and in 85.1% of those with simple-virilizing mutations; 10% of patients did not have an identifiable mutation on one allele. There are complex gene variations in this monogenic disorder, including compound heterozygosity in 79% of CAH patients and in 69% of NCAH patients (involving one NCAH and one classical mutation), duplicated haplotypes, de-novo mutations, and even uniparental disomy. A second genotyping study of a large cohort of 454 Argentinean patients, using an 11-mutation screen with sequencing as necessary, also showed a high genotype-phenotype correlation [32] .
Further specific analysis may help elucidate genotype-phenotype discrepancies, such as junction site analysis of the chimeric CYP21A1P/CYP21A2 genes that are commonly seen in patients with CAH due to 21-OHD [33] . Genotype-phenotype discrepancies of three patients in a cohort of 202 patients were explained by this comprehensive junction site analysis. As well, functional studies could be added to the clinical and molecular picture, with enzyme activity studied in vitro [34] .
SCREENING FOR COMORBIDITIES
Screening for longer term comorbidities expected in adulthood in pediatric CAH patients is a strong clinical consideration. The presence of testicular adrenal rest tissue (TART) should be considered in adolescents with classical CAH, and perhaps also in younger boys. Bone health should be maximized, but there is not yet much effect of glucocorticoid treatment noted in children with CAH [35] . Screening for metabolic disease risk factors in childhood remains in question. A comprehensive review of studies to-date examining comorbidities in CAH was published recently by Reisch et al. [36] . Vascular endothelial and smooth muscle dysfunction, using flow-mediated dilatation and glyceryl trinitrate dilatation, was found to be present in adolescence [37 & ]. Although this group did not note an increased intima-media thickness compared to controls, a larger intima-media thickness was noted in Italian adolescents compared to controls [38] .
CONCLUSION
There remains a need to optimize standard treatment of pediatric patients with CAH in order to decrease potential morbidity associated with glucocorticoid treatment. More prospective studies examining adjunctive therapies, such as GH, and different doses of hydrocortisone across childhood and adolescence are necessary to draw definitive conclusions. As well, further large prospective and retrospective studies of the long-term effects of prenatal dexamethasone treatment are required. Finally, there are potentially exciting advances in assay methodology for newborn screening and monitoring of clinical care.
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